Antarctic bony fishes are infected with cestode larvae belonging to the order Tetraphyllidea (parasites as adults in chondrichthyans). Larvae of the Tetraphyllidea differ from each other in the morphology of their scoleces and represent five forms. There are larvae with bothridia subdivided into one, two and three loculi, bothridia sac-like in shape and bothridia undivided with hook-like projections. Only one species of the family Onchobothriidae, Onchobothrium antarcticum, has been described from Antarctica and larvae with trilocular bothridia were assigned to this cestode species. In this study, ten larvae obtained from Notothenia rossii and three adult specimens of Onchobothrium antarcticum isolated from Bathyraja eatonii were examined. A partial sequence of cytochrome c oxidase subunit 1 of three adult specimens and four larvae was identical. The remaining six larval sequences differed from the sequences obtained from adult cestodes. Partial sequences of lsrDNA of all analyzed larvae were identical. These results confirm the taxonomic affiliation of the larvae with trilocular bothridia parasitizing marbled rockcod in Antarctica as Onchobothrium antarcticum.
Adult cestodes of the order Tetraphyllidea are parasites of chondrichthyans. Their life cycles are poorly known as larvae typically lack characters that are used for species identification of adults; therefore, on the basis of morphology, larvae can only be identified to the levels of genus, family or order. Researchers have previously used in vitro cultivation techniques for larval identification (Hamilton and Byram 1974 , Avdeeva and Avdeev 1980 , Carvajal et al. 1982 , Chambers et al. 2000 . Recently, new molecule-based strategies have emerged to inform larval identifications (Brickle et al. 2001 , Agusti et al. 2005 , Aznar et al. 2007 , Jensen and Bullard 2010 . While larvae of Tetraphyllidea were found by many authors in the Antarctic and Sub-Antarctic bony fishes, most papers do not report any morphological data (see Rocka 2003) . The earliest reports and description of such larvae were published by Leiper and Atkinson (1914; 1915) who described them under the name Anthobothrium wyatti Leiper et Atkinson, 1914 . Later, Prudhoe (1969 identified this form as a tetraphyllidean larva. According to Southwell (1925) the first tetraphyllidean cestode species described from the Antarctic fish (unidentified shark) was Monorygma dentatum Linstow, 1907 . Studies on parasites of Antarctic skates began in 1990 when the first tetraphyllidean species, Onchobothrium antarcticum Wojciechowska, 1990 from Bathyraja eatonii Günther, 1876 was described (Wojciechowska 1990) . This cestode exhibits trilocular bothridia armed with a pair of hooks situated on the anterior margin of the anterior loculus (Wojciechowska 1990) . Five morphological forms of tetraphyllidean larvae were reported from various regions of Antarctica and Sub-Antarctica (Wojciechowska *Corresponding author: laskowz@twarda.pan.pl Zdzislaw Laskowski and Anna Rocka 768 1993 , Rocka 2003 . These larvae exhibited monolocular bothridia with accessory suckers, bothridia divided into two and three loculi lacking accessory suckers, bothridia undivided with accessory sucker and hook-like projections, and bothridia saclike (Rocka 2003) . Larvae with trilocular bothridia were recognized as belonging to the family Onchobothriidae (Reimer 1975 (Reimer , 1977 (Reimer , 1987 Avdeeva 1989 , Chambers et al. 2000 . Only one species of the family Onchobothriidae, Onchobothrium antarcticum, has been described in Antarctica and larvae with trilocular bothridia were assigned to this cestode species by Wojciechowska (1990) . The aim of this study was to verify this taxonomical determination using molecular methods.
Eighteen adult specimens of Onchobothrium antarcticum were obtained from 4 skates, (Eaton's skate) Bathyraja eatonii, caught on the Joinville shelf in Bransfield Strait (the South Shetlands area) ( Fig. 1) Gon and Heemstra (1990) . Specimens of N. rossii were caught using a fishing rod or bottom net at a depth 10-80 m (usually 10-50 m) at the shore of Admiralty Bay near the H. Arctowski Station. Fresh fishes were examined using a stereomicroscope and identified while still alive. Larvae were found exclusively in the lumen of the intestine. Parasites were washed in fresh water, heat-killed in fresh water, counted, fixed and stored in 70-75% ethanol. Identification was based on descriptions published by Wojciechowska (1990) . To molecular study ten undamaged specimens were used. DNA was extracted from ethanol fixed, single specimens of larvae (n=10) and adults (n=3) using Qiagen DNeasy™ tissue kit and Genoplast Tissue Genomic DNA Extraction Mini Kit according to the manufacturer's instructions.
PCR reactions were performed in a PTC-100™ Thermal Cycler (TC-512 Techne) in total volume of 50 μl (70 mM TrisHCl at pH 8.6, 16.6 mM (NH4) 2 SO 4 , 2.5 mM MgCl 2 , 100 μM of each dNTP), 0.5 μl of each primer at concentration 20 pM/μl, 0.2 μl of Novazym HiFi polymerase (5units/ μl) and 3 μl of template DNA solution.
The partial mitochondrial cytochrome c oxidase subunit 1 gene was amplified using the forward primer COIA2 and the reverse primer COITR1 (Table I ). The thermocycling profile was as follows: 3 min denaturation at 94°C; 35 cycles of 30 sec at 94°C, 30 sec at 50°C, 1 min at 72°C; and 5 min extension at 72°C.
The partial lsrDNA (D1 -D3) gene was amplified from larvae (adults specimens have degraded nuclear DNA) using the forward primer DLS1 and the reverse primer 1500R. The thermocycling profile was as follows: 3 min denaturation at 94°C; 35 cycles of 30 sec at 94°C, 1 min at 55°C, 1 min at 72°C; and 10 min extension at 72°C. PCR primers and CLS280F, CLS450R, CLS660F, CLS720R, were used for sequencing (Table I) .
Amplified products from the PCRs were electrophoresed on 1.2% agarose gels (Promega, USA), stained with ethidium bromide (0.5 μg/ml). A 100 bp ladder (Novazym, Poland) was loaded in each gel then photographed under UV light with gel documentation system (GL 200, Kodak, USA). The amplified products were purified using a PCR Purification Kit (Genoplast, Poland) according to the manufacturer's instruction, and sequenced directly on an ABI Prism 373xl automated sequencer (Applied Biosystem, USA) using ABI BigDye™ (Applied Biosystem) chemistry according to manufacturer's protocols. DNA products were sequenced in both directions using the PCR primers and sequencing primers (lsrDNA). Forward and reverse sequences were assembled and aligned using Vector NTI Advance 11.0 (Invitrogen, Life Technologies) software and submitted to GenBank/EMBL, accession numbers: adults specimens cox1 partial sequences (KF573598.1, KF573596.1 KF573588.1), larva 1(cox1-KF573595.1, lsrDNA-KF882019), larva 2 (cox1-KF573593.1, lsrDNA-KF882020), larva 3 (cox1-KF573591.1, lsrDNA-KF882021), larva 4 (KF573589.1), larva 5 (KF573600.1), larva 6 (KF573597.1), larva 7 (cox1-KF5 73594.1, lsrDNA-KF882022), larva 8 (KF573592.1), larva 9 (KF573590.1) and larva 10 (KF573599.1).
The partial region of cytochrome c oxidase subunit 1 gene sequences (384 bp) were determined for ten individuals of larvae isolated from N. rossii and three adult specimens obtained from B. eatonii. The seven sequences obtained in this study were identical: sequences from 4 individual larvae and from 3 adult specimens Onchobothrium antarcticum. The remaining larval sequences differed from the sequences obtained from adult O. antarcticum from 3 to 5 positions (Table II) . Amino acid sequences were identical for all 13 samples analyzed. The partial region of lsrDNA (1469-1484 bp) was determined for four individuals of larvae isolated from N. rossii, larva 3 (sequence cox1 identical with sequences of adults O. antarcticum) and larvae 1, 2 and 7 (cox 1 sequences differ from adults O. antarcticum sequences). The all four obtained sequences were identical.
Partial lsrDNA Onchobothrium antarcticum sequence was aligned with sequences of members of the recently erected order Onchoproteocephalidea (see Caira et al. 2014) . Regions that could not be unambiguously aligned were excluded from the analysis. For ML analysis GTR+G+I model was chosen based on jModelTest version 2.1.4 (Darriba et al. 2012, Guindon and Gascuel 2003) using the Akaike Information Criterion. The list of species used in analyses is presented in Table III . Phylogenetic trees were constructed using Bayesian inference with MrBayes version 3.2 (Huelsenbeck and Ronquist 2001) .
The maximum likelihood tree (Fig. 3) inferred from the lsrDNA data set of members of the order Onchoproteocephalidea (see Caira et al. 2014 ) revealed that O. antarcticum belongs to a highly supported clade (posterior probabilities values of 98), with Uncibilocularis okei, Acanthobothrium parvi- uncinatum, Acanthobothrium santarosaliense and Onchoproteocephalidea gen. n. 8 sp. n. 1. This result confirmed the taxonomic affiliation of Onchobothrium antarcticum to the family Onchobothriidae, and the larvae with trilocular bothridia parasitizing marbled rockcod in Antarctica to a representative of the genus Onchobothrium.
